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https://indico.cern.ch/event/686555/

B¢ physics

7600 {72788 7565 7571 7568

@ B, mesons formed by two different = 700 —~ﬁ__u_————~
heavy flavor quarks, unique inthe SM 2 fuar oA
e B discovered by CDF at Tevatron g "p el
» BY — J/wlt vy pRUst (1998) 24321, Jw T * s Fom 25 B, Mass Spectrum
[*)] G(B+)Lﬂc/6( )Tevatron ~ 0(1 0) 6000 & 317 3
to StUdy B famlly systematlcally SéodfpreyP[PFfD 7% (]))54(;)17}(:2054)11:4

» N(Bf — Jlwnt)/fo~": ~1000 at LHCb vs. ~50 at CDF
@ B; decay modes

. (~20%), .9, J/w (3)7, J/w DL, Sy £+ v,
. (~70%), e.g., BO1*, BT v,

» cb— Wt (~10%), e.g., KOKT, KT, ttv,

(=]
S
S
=

wt
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https://doi.org/10.1103/PhysRevLett.81.2432
http://prd.aps.org/abstract/PRD/v70/i5/e054017

The LHCb detector and data-taking

[JINST 3 (2008) S08005]
@ Acceptance 2<n<5, with excellent vertexing, tracking, PID

SPD/PS

HCAL

Run-ll @/ = 13 TeV
Run-l (3fb1) un-ll @y/s = 13 Te

2017:1.7fb~"

2012: 2fb™' @y/s=8TeV 2016: 1 7fE_1
2011: 1o~ ! s=7TeV T

@vs 2015: 0.3fb~"
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http://dx.doi.org/10.1088/1748-0221/3/08/S08005

B. studies based on LHCb Run-I data

Production O'(Bc+) . E’(B;r — J/Wﬂ+)/[G(B+) . B(BJr — J/q/ K+)] [PRL 109 (2012) 232001] [PRL 114 (2015) 132001]
0(53)/6(5'2)‘3(53 - 5271*) [PRL 111 (2013) 181801]
0'(Bér)/0'(BJr)‘B(Bér - D0K+) [PRL 118 (2017) 111803]

Mass MB;' —Jyrt [PRL 109 (2012) 232001]

& Spectroscopy Mg _, 1, p; [PRD 87 (2013) 112012]

MBZ —J/y pprt [PRL 113 (2014) 152003]
B —J/y DOK+ [PRD 95 (2017) 032005]

BY)F(25) — Bintn

[JHEP 01 (2018) 138]

Lifetime ‘EB:‘}J/V”AVAX [EPJC 74 (2014) 2839]
Bt syt [PLB 742 (2015) 39]
Decay B;r — J/VI37T [PRL 108 (2012) 251802]
B;r — J/l[/ KJr [JHEP 09 (2013) 075] [JHEP 09 (2016) 153]

Jibo HE (UCAS)

Bf — y(2S)n*

B — Jw DL

Bf = JWKTK n*

Bf — J/y3nt2n

By — Jlyppr*t

B(Bf — Jy ) /B(BE — Jyutvy)

B — JlwDWK*O

B(Bf = Jlyttve) /BB — Jyutvy)
B; — D{z) "D, DlZ)* D)0 (upper limit

[PRD 87 (2013) 071103(R)] [PRD 92 (2015) 072007]
[PRD 87 (2013) 112012]

[JHEP 1311 (2013) 094]

[JHEP 1405 (2014) 148]

[PRL 113 (2014) 152003]

[PRD 90 (2014) 032009]

[PRD 95 (2017) 032005

[PRL 120 (2018) 121801] See O. Leroy’s talk [link]

[NPB 930 (2018) 563]

Bf — Bn+t

[PRL 111 (2013) 181801]

B — pprt (upper limit)
Bf — K*K~x* (upper limit)
B — DK+

Study of B¢ mesons at LHCb

[PLB 759 (2016) 313]
[PRD 94 (2016) 091102(R)]

[PRL 118 (2017) 111803]
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http://link.aps.org/doi/10.1103/PhysRevLett.109.232001
http://dx.doi.org/10.1103/PhysRevLett.114.132001
http://link.aps.org/doi/10.1103/PhysRevLett.111.181801
http://dx.doi.org/10.1103/PhysRevLett.118.111803
http://link.aps.org/doi/10.1103/PhysRevLett.109.232001
http://link.aps.org/doi/10.1103/PhysRevD.87.112012
http://link.aps.org/doi/10.1103/PhysRevLett.113.152003
http://dx.doi.org/10.1103/PhysRevD.95.032005
http://dx.doi.org/10.1007/JHEP01(2018)138
http://dx.doi.org/10.1140/epjc/s10052-014-2839-x
http://dx.doi.org/10.1016/j.physletb.2015.01.010
http://dx.doi.org/10.1103/PhysRevLett.108.251802
http://dx.doi.org/10.1007/JHEP09(2013)075
http://dx.doi.org/10.1007/JHEP09(2016)153
http://link.aps.org/doi/10.1103/PhysRevD.87.071103
http://dx.doi.org/10.1103/PhysRevD.92.072007
http://link.aps.org/doi/10.1103/PhysRevD.87.112012
http://dx.doi.org/10.1007/JHEP11(2013)094
http://dx.doi.org/10.1007/JHEP05(2014)148
http://link.aps.org/doi/10.1103/PhysRevLett.113.152003
http://dx.doi.org/10.1103/PhysRevD.90.032009
http://dx.doi.org/10.1103/PhysRevD.95.032005
http://dx.doi.org/10.1103/PhysRevLett.120.121801
https://indico.cern.ch/event/686555/contributions/2986850/
https://arxiv.org/abs/1712.04702
http://link.aps.org/doi/10.1103/PhysRevLett.111.181801
http://dx.doi.org/10.1016/j.physletb.2016.05.074
http://dx.doi.org/10.1103/PhysRevD.94.091102
http://dx.doi.org/10.1103/PhysRevLett.118.111803

BZ production, with B — J/y ™
@ With 2011 (7 TeV) data [PRL 109 (2012) 232001][PRL 114 (2015) 132001]

R= oo EE = Tve ) = (0.68£0.10+0.03£0.05(75,))%, for
pr(B) >4 GeV/cand 2.5 < n(B) < 4.5
@ With 2012 (8 TeV) data, R measured as function of (pr, ), for
pr(B) <20 GeV/cand 2 < y(B) < 4.5
» pr(Bg) well described by BcVegPy (complete o calculation)
[C.-H. Chang et al., Comput. Phys. Commun. 174 (2006) 241]

» Integrated R = (0.683+0.018+0.009)% (3% relative precision)

0 0.16¢ T T T
= F

E ~ 18
T oaaf +Data E < E T T E
> oF ++ —BCVEGPY = 1lef ~LHCbdta
B 0.121 3 o0 14F E
N F 7 h—:’ E BCVEGPY k|
T O1F LHCb 4 12F E
§ 0.08F E 1E E
E ] E 444 E
Z o.06f E 08E N + 4t .
3 E 06F ¥ t E
0.04F 3 anihd 3
E E 04F 3
0.02F 3 02F E
ot L = 0 E L ! !
0 5 10 15 20 0 5 10 15 20
pT(Bg) (GeVic) p, (Gevio)
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http://dx.doi.org/10.1016/j.cpc.2005.09.008
http://link.aps.org/doi/10.1103/PhysRevLett.109.232001
http://dx.doi.org/10.1103/PhysRevLett.114.132001

B/ mass
[PRL 109 (2012) 232001][PRD 87 (2013) 112012][PRL 113 (2014) 152003][PRD 95 (2017) 032005]
@ Most precise measurement! LHCb average: 6274.6 1.0 MeV
c.f. LQCD: M(Bj) =6278(4)(8) MeV raco, Pro 86 (2012) 094510]

CDF B!—Jiyn* |

LHCb B! =Tyt : |

LHCb B{—J/yD* ——

LHCb B! —J/yppr+ — 1
———

LHCb B{—JpDK*

LHCb average:
e
6274.6 = 1.0 MeV/c?

6268 6270 6272 6274 6276 6278 6280
B! mass [MeV/c2]
July 5, 2018 6/17

Jibo HE (UCAS) Study of B; mesons at LHCb


http://link.aps.org/doi/10.1103/PhysRevD.86.094510
http://link.aps.org/doi/10.1103/PhysRevLett.109.232001
http://link.aps.org/doi/10.1103/PhysRevD.87.112012
http://link.aps.org/doi/10.1103/PhysRevLett.113.152003
http://dx.doi.org/10.1103/PhysRevD.95.032005

B lifetime

o With BZF N J/WN+V;LX 2012 data [EPJC 74 (2014) 2839] [PLB 742 (2015) 39]

» Lifetime unbiased selection

> Partially reconstructed, pseudo decay time t* = My, ,+ P/L =
Jwu
K-factor from simulation used to correct for missing energy

7(Bf)=509+8+12fs
e With Bf — J/wx™, all Run-I data
» Lifetime biased selection, took ratio to Bt — J/w K™
» Decay time acceptance ratio from simulation

©(Bf)=513+11+6fs

5
Q 10°g S YTV — 10 ‘
N E LHCb Combinatorial bkg. ﬂ‘:: [ oromoro o o, LHCb 1
g 10t —_ Misid. bkg. L e b
E ~.—.— Prompt peak E + + T
o 10°E -~ Fake J/ bkg. Js Bt = JlyK
é‘} E - Wrong PV bkg. =7 ek
k=] 2L —— Tota E oo N
E - —4— Data - AL ]
O 10 i F B E
10} 4
1 i
T R R B E B it e 1 L L L L
0 1 2 3 4 02 04 06 08 1

6 7
tps [pS] ct [mm]
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http://dx.doi.org/10.1140/epjc/s10052-014-2839-x
http://dx.doi.org/10.1016/j.physletb.2015.01.010

B excited states, decays

@ Excited states, predicted branching fractions (in %)

State Decay GKLRY *  Godfrey
138, 17S,+7y 100 100
18P, 135, +7v 100 100
1P, 188 +v 6 12.1
1S +y 94 87.9
1P, 135 +y 87 82.2
11Sy+7 13 17.8
18P, 1385, +7v 100 100
2'S, 1Sy +nrm 74 88.1
1P +y 9.4
1Py +y 2.0
138 +v 0.5
285, 135 +nn 58 79.6
18P +y 8.0
1P +y 1.0
1P +y 6.6
18Py +y 4.0
218y +y 0.01
11Sy+7v 0.8

*[L P. Gouz, et al., Phys. Atom. Nucl. 67 (2004) 1559]
T[s.Godirey, PRD 70 (2004) 054017]
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Study of B mesons at LHCb

7600

~3
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6800
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6400
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[7572 7588 7565 7571 7568
7455 7475 7487 7563
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http://arxiv.org/abs/hep-ph/0211432
http://prd.aps.org/abstract/PRD/v70/i5/e054017

B. excited states, MC studies
@ B excited states, B(23S;)" — Byt (Bfy)nt#n~, mass shifted -
down by AM(13S; —118Sp) (input 67 MeV) when missing the soft
photon, slightly degraded mass resolution, peak not washed out
@ Possible to distinguish B;(2'Sy)* (input 6858 MeV), and
B:(23S;)* (input: 6890 MeV) if
AM(13S; —11Sy) # AM(23S; —21Sp)

1
Bf (2'Sy), 6 ~ 1.9 MeV Bf(23S;), 6 ~ 3.0 MeV
& F T 3 &~1000 r T T
§ 500F o B,(2'S) MC E § E o B.(2*S) MC
@ F LHCbsimulation u=6858.2MeV/cz ] © goo|- LHCbsimulation u=68232MeV/c2 -
2 d00p =19 Mev/c2 2 0=30Mev/cz ]
g 300 - E g sof- E
) £ 1 8 L ]
E ] 200 h
g 2oF E 8F ]
5 F ] S _F ]
3 10of = 8 2°oF ]
E 1 A ] 0: b 1 1 Y
o 6850 6860 6870 6880 6810 6820 6830 6840
M(B: ) [MeVic? M(B: ) [MeV/c?
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http://dx.doi.org/10.1007/JHEP01(2018)138

B. excited states, event selection

. _ [JHEP 01 (2018) 138]
e Bl — Jlwrt, MVA-based selection, 3325 + 73 signall

° B&”(ZS)*, B¢ combined with 7+ 7~ also trained a MVA

o = T T L T
L 900§ LHCb 2fbt
 800F s=8TeV
= T00E- — Data
= 600t Total fit
@ 500F 1B =y
g a0k B YK
'g 00 faiy e Combinatorial
O 200f

100

o

6200 6300 6400 5500
M@/ w ) [MeV/c?]
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http://dx.doi.org/10.1007/JHEP01(2018)138

B. excited states, mass distribution

[JHEP 01 (2018) 138]

@ MLP (neural network) bin with the worst S/B removed. Invariant
mass distribution in other MLP bins, no sign of obvious S|gnal

A ] B
Bty i i g
(a )GSI\O:ILP 6cazzrjlteg::yM(E(;OW(I)T;[hcll)e;l)Cq (b;aol:/ILP ::Oate::r;A/(B[g ];) gﬂ ZI)ICZ]
SN RN

(c

Jibo HE (U

M(B; ) [MeV/c?

) MLP category: [0.4,0.6)
CAS)

M(B; i) [MeV/c?]

(d) MLP category:[0.6,1.0]
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http://dx.doi.org/10.1007/JHEP01(2018)138

B: excited states, results

. [JHEP 01,(2018) 13¢]
@ Setting upper limiton R = w-l’)’vis(B( (28) = Bintn)

o(BZ (19))
Reconstructed M(B(2°S)") [MeV/c?] Reconstructed M(B(2°S)") [MeV/c?]
6830 6840 6850 6860 6870 6880 6890 6790 6800 6810 6820 6830 6840 6850 6860
@ g2F T T - T T T T ™ @ gof T \1 T T T
5 [ LHCb 2fb 1 5 [ LHCb 2fb” — C(215;,) CL 902/0
= Fos=8Tev By ey cLom | = [ s=8Tev - By(2'S)" CL 95%
€ 0.15[ 41 Eoasp B
= £ B(2'§)"+B(2S) CL9% ] = [ —— By(2°5)"CL90% ]
E. F q B’_ F B(ZSS) CL95%
g 01 1 &0 ]
=] F =] F
.05f 0.05F E
C: Il Il Il Il Il Il ] O: Il Il Il Il Il Il Il ]
6830 6840 6850 6860 6870 6880 6890 6830 6840 6850 6860 6870 6880 6890
M(B(2'S)") [MeV/c] M(B(2'S)") [MeV/cY
(e) AM =0 (f) AM = 35MeV

= [M(Bs") - M(BZ)] — [M(B5(28) ™) — M(Bs(25)™)]
@ Compared to ATLAS prL 113 (2014) 12004]

Vs=7TeV V/s=8TeV
ATLAS! (0.22+0.08)/¢; (0.15+0.06)/¢5
LHCb - <[0.04,0.09] @ 95% CL

fEstimated with B / BSY(2S)* signal yields
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http://dx.doi.org/10.1103/PhysRevLett.113.212004
http://dx.doi.org/10.1007/JHEP01(2018)138

Bf — DOK+

@ Several contributing processes, very interesting
> (a) suppressed tree-level b — u transitions
» (b) b — s loop-mediated (penguin) decays
» (c) bc — W* — gq annihilation
Branching fraction may be enhanced by penguin and weak
annihilation amplitudes

W+
, 5 5,d
(a) VV+ Nl<l(% 5} 7T+-,K+ b 7 }K+,7T+ (b)
) u
- o Bf _
b U U
Bj{ }D(*)O }D(*>0
c c c c
() 5,d
{ b W+ " } Kt 7t
Bt
¢ C:a
c }D(*)O
c

The meson appearing before the comma denotes the favoured decay.
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https://doi.org/10.1103/PhysRevLett.118.111803

B — DOKT, results

@ Using Run-I data, MVA-based selection

@ Bl — DK™, observed with 5.1, including both D° — K~ nt,
and D° — K=3x. No B — D%zt ? B — D°K* predominantly
through weak annihilation and penguin amplitudes

@ Normalized to Bt — D%z,
£-B(Bf - D°K*)=(9.3728+0.6)x 107

[PRL 118 (2017) 111803]

T ¥sE ‘ ‘ ‘ Co

2 b LHCb ]

; 206 B:D'K* 3

E } E

3 3

g =

g e RC MR

L N LHCb é »5E ‘ ‘ =
3 oo E E LHCb

= \ B* - [K*rT], 1t E = BioD'mt

g | 155 3

8 3 H B

g Y, bitad OF + 3

z } 5 ‘IF _} ]

ot O SN it e

5200 5800 6000 6200 6400 6600 6800
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https://doi.org/10.1103/PhysRevLett.118.111803

—(%)0
B — DEB‘*‘D( ) 7D(:H’D(*)O
[NPB 930 (2018) 563]
@ Useful to measure CKM-angle v, via the interference between

b — u and b — c transitions.
@ Compared to BT — DK™, Bf — DJ D has advantage ("less

squeezed triangle")
» Amplitude ratio r(Bg) = ’A(Bj — DODF)/A(BS —>EODS+)
large CP asymmetry
~ Amplitude ratio r(B) = (A(B+ — DOK*)/A(BY — 50K+)‘ ~0.1,
small CP asymmetry
However very challenging as BZ production cross-section is small

~1,

s, T
DS D°
C u
b u b S
B: p° B D;
Cc C C Cc
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https://arxiv.org/abs/1712.04702

Bs — D[ P D))" D0, resutts

. , , NPB
@ Searched with Run-I data, no sign of signal yet. INPB 930 (2018) 6]

.
<X

N
<%

T T
« Data B~ D;D°

kS * Daa I "~ D] kS
3 10 LHCb  —voafit oo B KK 3 , LHCb  —vtoafit - 8- D:D°
= B = 10 .
g w 8 E
g 1P g 10F
ko] ko] E
S 10 o F
=] o
8 S LF
o 1 O E
- H 1 1 : 1 - 1 1
107 5500 6000 6500 10 5500 6000 8500
m(D:D° [MeV/c?] m(D:D°) [MeV/c?]

@ Setting upper limits @ 90% (95%) CL for 12 modes (2 shown, c.f.
predicted B ~ 1076)

+ + o
fCBE;:g*ZO; ( 3.043.7)x 1074 [<0.9(1.1) x 107,
— D DO
= EB+_>D+DO; (—3.842.6) x 107*[< 3.7(4.7) x 1074]
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https://arxiv.org/abs/1712.04702

Summary

@ LHCb has made big progress on B studies with Run-I data
» B} mass
» B{ lifetime
» B production
» Many new BZ decay modes: Bf — Bn*, Bf — D°K+
» Search for BY?(28)*
@ More studies on the Bf meson will be done with more data, stay
tuned

Jibo HE (UCAS) Study of B¢ mesons at LHCb July 5,2018 17 /17



